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We investigated the anti-nociceptive effect of 
Excoecaria agallocha (E.agallocha) against 
chemically and thermally induced nociception, 
Albino mice received a dose of 10, 15, 20, or 25 
mg/kg of alkaline chloroform fraction (Alk-CF) of 
E.agallocha by oral administration. Compared with 
controls, Alk-CF decreased the writhing numbers 
(P<0.01) in a dose dependent manner. Further we 
determined that, Alk-CF contained, a potent 
compared to control, also potent anti-nociceptive 
agent that acted via opioid receptors and using 
HPLC, identified this compound as Rutin. Docking 
simulation demonstrated that Rutin interacted 
strongly with cyclooxygenase, forming a number of 
specific hydrogen bonds. In conclusion we have 
identified peripheral and central anti-nociceptive 
activities of E.agallocha that involve opioid 
receptor, and in which the active compound is 
Rutin. 

The human environment contains a large 
number factor responsible for pain which is a 
sensory modality that often represents the only 
symptom for the diagnosis of variety diseases. 
Moreover the administration of synthetic drugs to 
the treatment of pain is in some cases associated 
with side effects, such as the induction of gastric 
lesions by non steroidal anti-inflammatory drugs 
(NSAIDs) 111 . Plant-based drugs have recently been 
garnering increased attention and in particular those 
derived from mangroves, which are used by coastal 
fishing communities have been both toxicologically 
and medicinally validated . Mangroves contain a 
variety of phenolic compounds with biological 
activity, which includes flavonoids and their 
glycosylated derivatives performed physiological 
roles, also act as catalysts and regulators in 
photo-phosphorylation 131 as well as more than 100 
alkaloids. Excoecaria agallocha (E. agallocha) 
commonly termed as Thillai, is an ever green 



mangrove of Euphorbiaceae family, which is 
distributed along the southeast coast of India. 
Although the extracts of leave and bark of this plant 
have been used for the treatment of chronic pains, 
rheumatism, leprosy, paralysis, inflammation and 
ulcers 141 , it active compound has not yet been 
identified. Accordingly, the aim of the study was to 
identify the antinociceptive compounds in the 
extracts of E. agallocha in animal models and to 
evaluate its efficiency in in silico docking with 
cyclooxygenase (COX) receptor. 

Leaves of E. agallocha were collected from 
Kollidam coast, Tamil Nadu, India during January 
2011. The vouchered specimen (AUCASMB 63/2011) 
was deposited in the herbarium of C.A.S. in Marine 
Biology, Annamalai University, Parangipettai, India. 
5 kg of air-dried, powdered leaf was extracted with 
ethanol using a percolation method. The obtained 
extract was evaporated under reduced pressure to 
generate a viscous mass. 250 g of extract was 
suspended in 500 mL of distilled water and 
partitioned sequentially with n-hexane (5x250 mL), 
dichloromethane (DCM) (5x250 mL), to generate 
acid (pH3, 5x250 mL) and alkaline Alk-CF (pH9, 
5x250 mL) chloroform fractions. Five fractions were 
collected and concentrated under vacuum and 
stored at 20 °C until experiments. Both the total 
extract and fractions were screened to determine 
the presence of alkaloids, flavonoids, terpenoids, 
and saponins' 51 . 

Swiss albino mice of either sex (20-25 g) were 
used for experiment. The acute oral toxicity study 
was performed according to OECD-423 guidelines. 
Animals were fasted for 4 h with free access to water 
only. Isolated fractions and total extract were 
suspended in a 0.5% carboxy methyl cellulose (CMC) 
solution and administered orally at initial doses of 1 
to 2000 mg/kg after which mortality was assessed 
for 3 d 161 . A dose was considered toxic when 
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mortality was observed in 2/3 or 3/3 animals. Total 
and n-hexane extract were non-toxic upto 1 g/kg, 
whereas, diethyl chloromethane (LD50=750 mg/kg), 
acid chloroform (LD50=250 mg/kg) and alkaline 
chloroform fraction (LD50=250 mg/kg) were all toxic. 
These results guided the selection of 25 mg/kg as 
higher dose to be used for determining the analgesic 
potential of E. agallocha extracts. 

Mice were pre-treated orally with vehicle 0.5% 
CMC, total extract (100 mg/kg) and n-hexane, DCM, 
acid and alkaline fraction (5 mg/kg of each) 
respectively before 30 min of intraperitoneal (i.p.) 
injection of 1% acetic acid 171 . The number of writhing 
events (stretching of hind limb and abdominal 
constrictions) was counted for 40 min. Compared 
with other fractions Alk-CF had the most potent 
analgesic effect, and used in subsequent studies, at a 
dose of 10-25 mg/kg. Pentazocine (10 mg/kg) 
was administered as a positive control. Naloxone 
(2 mg/kg) was administered 15 min prior to the 
Alk-CF (25 mg/kg) or Pentazocine (10 mg/kg) 
injection. The number of writhing events in each 
treated group was compared with vehicle control 
and expressed as percent inhibition of the writhing 
events. 

Mice were treated orally with 0.5% CMC or 
pentazocine (10 mg/kg) by intraperitoneal^ or 
Alk-CF (10-25 mg/kg) and placed on metal plate. The 
time elapsed until the appearance of reactions 
(latency) to the thermal stimulus (55±1 °C), such as 
licking of hind paw or jumping was recorded as the 
index of nociception 181 . The response time was noted 
at time intervals from 0-60 min with the cut off time 
of 15 s to avoid tissue damage. In another set of 
experiment, Naloxone (2 mg/kg) was administered 
15 min prior to the oral administration of Alk-CF or 
pentazocine injection. Analgesic activity was 
recorded as the increase in latency time after 
thermal stimulus relative to vehicle control. The 
results were reported as mean±S.E.M analyzed by 
ANOVA followed by Dunnets Multiple Range Test 
(Graph Pad Instat software). P<0.01 was considered 
significant. IC 50 values were estimated by linear 
regression analysis. 

High performance liquid chromatography was 
used to identify and quantify the active component 
of Alk-CF. The extraction solvent was mixture of 
analytical grade alcohol, water and hydrochloric acid 
(Hi Media, India) (50:20:8) and the mobile phase was 
a mixture of methanol, water and phosphoric acid 
(Hi Media, India) (100:100:1). The flavonoid 
standards Quercetin, Rutin, Kaempferol and 



Isorhamnetin were weighed and dissolved in 
methanol to generate standard solution of 1 mg/mL. 
22 mL of Alk-CF was added to 78 mL of extraction 
solvent and refluxed on a water bath for 35 min, 
after which 20 mL of methanol was added, followed 
by sonication for 30 min. The residue filtrate was 
washed with methanol and used for the analysis. 
HPLC was equipped with a 270 nm detector and a 
4.6 mm x 25 cm column with a flow rate of 1.5 mL 
per min. 20 ul of each standard and the test solution 
was injected into the column and the major peaks 
were recorded. The percentage of each flavonoid in 
the test fraction was calculated. 

The three dimensional structures of human COX 
1 (PDB: 1CQE) and COX 2 (PDB: 6COX) were obtained 
from the Protein Data Bank (PDB). Auto Dock Tools 
was used to create PDBQT files from traditional PDB 
files. The 2D structure of Rutin was retrieved from 
the PubChem database. The optimized ligand was 
docked using Ligand Fit in Auto Dock 4.0 191 . 

The total yield from the extraction was 
approximately 37.5% from which five major fractions 
were separated. Total extract and n-hexane 
contained phenolics, saponins and terpenoids, while 
alkaloid was indicated in the dichloromethane 
fraction. The acid chloroform and Alk-CF fractions 
contained higher amounts of alkaloids and 
flavonoids, respectively. Both the total extract and 
fractions of E. agallocha reduced in abdominal 
writhing events in a dose-dependent manner. 
Compared with total extract and the n-hexane, DCM 
and acid chloroform fraction, the Alk-CF had more 
potent anti-nociceptive effect (Figure 1). 

Pentazocine (10 mg/kg) was used as a positive 
control of anti-nociceptive effect. The analgesic 
effect of Alk-CF in the acetic acid and hot plate 
models were confirmed (Tables 1&2). The present 
study demonstrates that the pain reduction by 
Alk-CF in the acetic acid induced model (Table 1) 
might be attributable to the inhibition by flavonoids 
of prostaglandin synthesis, a peripheral mechanism 
of pain inhibition. In addition compared with control 
animals, Alk-CF effectively delayed the time of 
response of mice to thermal stimulation (Table 2) in 
a dose dependent manner. We speculate that 
because of its prolongation of latency Alk-CF was 
acting centrally. The anti-nociceptive effect of Alk-CF 
was significantly antagonized by naloxone, an opioid 
receptor antagonist. Collectively these results 
indicate that Alk-CF possessed both peripheral and 
central anti-nociceptive activities that involved 
opioid receptors. 
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Figure 1. Analgesic effect of total extract and major fractions of E. agallocha in acetic acid induced 
writhing. DCM-Dichloro methane; Aci CF-Acid chloroform fraction; Alk CF-Alkaline chloroform fraction; 
Values are reported as mean±SEM. The data were analyzed by ANOVA followed by Dunnett's test. The 
values were statistically significant when P<0.01 compared with control. 

Table 1. Effect of Alk-CF on Acetic Acid-induced Writhing 



Treatment 


Dose (mg/kg) 


Writhing 


Inhibition {%) 


Control 


10 mL 


42.50±5.96 




Pentazocine 


10 


10.20±1.82* 


81.5 


Pentazocine+Naloxane 


10+2 


37.40±0.65 


15.6 




10 


25.40±4.25* 


58.2 




15 


18.32±3.42* 


67.3 


Alk-CF 




12.35±6.36* 






20 


71.8 




25 


9.25±4.12* 


80.5 


Alk-CF+Naloxane 


25+2 


38.70±2.31 


17.5 



Note. Alk CF- Alkaline Chloroform Fraction; Values are reported as mean±SD for group of 6 animals. 
The data was analyzed by ANOVA followed by Dunnett's test. P<0.05 treatment groups vs control. 

Table 2. Effect of the Alk-CF Fraction in the Hot Plate Test 



Groups 


Dose 






Mean Latency (s) 






(mg/kg) 


0 min 


15 min 


30 min 


45 min 


60 min 


Control 


10 mL 


1.50±0.08 


2.13±0.03 


2.15±0.01 


2.54±0.01 


2.90±0.01 


Pentazocine 


10 


2.17±0.03 


5.59±0.06 


11.32±0.02 


16.12±0.04 


20.11±0.02 


Pentazocine+Naloxane 


10+2 


1.19±0.03 


4.56±0.08 


9.32±0.02 


12.25±0.05 


16.32±0.02 




10 


1.59±0.03 


4.29±0.02 


7.67±0.02 


10.33±0.03 


13.99±0.02 


Alk-CF 


15 


1.98±0.01 


4.43±0.05 


8.07±0.01* 


11.69±0.02* 


14.11±0.02* 




20 


1.85±0.02 


4.31±0.01 


8.06±0.01* 


11.22±0.02* 


13.10±0.02* 




25 


2.03±0.01 


4.63±0.08*" 


8.21±0.01* 


12.15±0.0l" 


16.13±0.03" 


Alk-CF+Naloxane 


25+2 


1.98±0.01 


3.63±0.05** 


6.32±0.01* 


10.15±0.05** 


9.13±0.02*" 



Note. Alk CF- Alkaline Chloroform Fraction; Values are reported as mean±SD for group of 6 animals. 
The data was analyzed by ANOVA followed by Dunnett's test. P<0.05 treatment groups vs control. 
P<0.01 treatment groups vs control. 
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Mangrove species contain large number of 
metabolites, in particular phenolic compounds which 
have considerable potential for the development of 
anti-oxidant and anti-diabetic drugs. Our HPLC 
analysis confirmed by the HPLC-MS showed that 
Alk-CF contained six flavonoids namely, Rutin, 
Quercetin, Mycertin, Kamferol, Luteolin, and 
Isorhamnetin. The flavonoids had retention times of 
2.210, 3.427, 4.010, 8.927, 9.813, and 12.560 
respectively in Alk-CF and 1.993, 3.427, 4.653, 8.443, 
9.427, and 12.107 respectively in E. agallocha 
(Alk-CF) which match their standard retention values. 
The amounts of Rutin, Quercetin, Mycertin, Kamferol, 
Luteolin and Isorhamnetin in E. agallocha were 
estimated at 70.3, 2.2, 4.9, 10.0, 6.1, and 4.3% w/v 
respectively. We suspected that the anti-nociceptive 
activity of Alk-CF attributable to the presence of 
Rutin. 

To further explore this possibility we next 
carried out in silico analysis, higher quantity of 
flavonoid Rutin from E. agallocha Alk-CF was docked 
with analgesic marker proteins COX 1 and COX 2. The 
docking poses were ranked according to their 
docking scores, the ranked list of docked ligands and 
their corresponding binding poses. Ten docking runs 
were performed. The grid parameters were set as 
mentioned by Gurudeeban et al.' 101 , and the spacing 
between grid points was 0.375 A. When simulations 
were complete, the docked structures were analyzed 
and the interactions were observed. The interactions 
and the binding distance between the hydrogen 
bond donors and acceptors were measured for the 
best conformers. Interaction free energies are 
crucial for analyzing the binding propensities in 
proteins and while the problem of computing 
binding free energies remains, approximate 
estimates have emerged as useful approach to filter 
potential binding complexes. Potential ligands were 
selected based on the low binding energies which 
can act as a potential therapeutic agent. 

In silico docking of Rutin with COX-1 A chain 
generated six clusters of conformers using a root 
mean square difference (RMSD) tolerance of 2.0 A 
on the COX-1 A chain amino acids residues GLN; HIS; 
PHE; THR; GLU in the target protein. Cluster Rank 1, 
with a binding energy of -8.1 kcal/mol on the 3 r run 
had six hydrogen bond interactions at GLN 203: OE1, 
HIS 388: HE2, PHE 210: O, THR 212: HN, THR 206: 
OG1, GLU 454: OE1 residues with bond length of 
1.821, 2.069, 1.816, 1.728, 2.016, and 1.954 
respectively. The reference RMSD was 195.41. 
Similarly docking of Rutin with the COX-1 B 



chain produced six clusters with binding energy of 
-9.83 kcal/mol at 3 rd run had five hydrogen bond 
interactions at HIS 388: HE 2, GLU 454: OE1, GLU 
454: OE1, THR 212: O, and HIS 207: HE2 with bond 
length of 1.702, 1.890, 2.079, 1.387, 2.012 
respectively (Figure 2). The hydrogen bond distance 
between the donor and acceptor atoms was found 
to be higher in HIS-388 (2.069) than in GLU-454 
(2.079) in both chains A and B. Docking of Rutin with 
the COX-2 A chain produced six clusters of 
conformers using a root mean square difference 
(RMSD) tolerance of 2.0 A. Cluster Rank 1, with 
binding energy of -5.72 kcal/mol on the 3 rd run had 
three hydrogen bond interactions at GLN 203: OE1, 
HIS 214: HN, and THR 212: O with bond lengths of 
1.815, 2.167, and 2.153, respectively and which the 
reference RMSD was 51.54. Docking of Rutin with 
the COX-2 B chain produced six clusters with a 
binding energy -7.46 kcal/mol on the 3 rd run 
and contained six hydrogen bond interactions at THR 




Figure 2. Rutin was docked with receptor 
COX 1 and COX 2 (A and B chains). The 
receptor interactions with ligand is indicated 
in gray, green, magenta and bright orange (1) 
The interaction between the HE2 atom of 
HIS388 (green) and the oxygen atom of Rutin 
(magenta). (2) The interaction between the 
HE22 and HE2 atoms of GLN289 and HIS386 
(green) respectively with the two oxygen 
atoms of Rutin (magenta). (3) The interaction 
between the HE22 and HE2 atoms of GLN289 
and GLN454 (green) with the two oxygen 
atoms of Rutin (magenta). (4) The interaction 
between the H; HE2 and HE2 atoms of 
GLN203, HIS207 and HIS388 (green) with the 
two O, one OE1 atoms of Rutin (magenta). 
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212: O, ASN 382: OD1, ASN 382: HD22, GLN 454: HE22, 
GLN 203: OE1, and THR 212: O with bond lengths of 
2.130, 2.036, 1.878, 1.912, 2.157, and 1.956 with 
reference RMSD 76.42 (Figure 2). The hydrogen 
bond distance between the donor and acceptor 
atoms was found to be higher in HIS-214 (2.167) 
than in GLN-203 (2.157) in both chains A and B. 

Using animal and computational models, we 
have demonstrated for the first time that the 
flavonoid Rutin isolated from the mangrove species 
E. agallocha is a potent central and peripheral 
anti-nociceptive agent targeting opioid receptors. 
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